Key indicators: single-crystal X-ray study; T = 123 K; mean (C-C) = 0.003 Å; R factor = 0.046; wR factor = 0.134; data-to-parameter ratio = 13.5.
The asymmetric unit of the title compound, C 13 H 11 N 3 O 5 S, contains two independent molecules, which are linked by a pair of intermolecular N-HÁ Á ÁS hydrogen bonds, forming an R 2 2 (8) ring motif. The central thiourea core forms dihedral angles of 3.02 (12) and 14.00 (10) with the essentially planar furoyl groups [maximum deviations = 0.030 (2) and 0.057 (2) Å ] in the two molecules and dihedral angles of 2.43 (13) and 8. 03 (12) with the benzene rings. The dihedral angles between the furoyl and benzene rings in the two molecules are 3.97 (10) and 5.98 (9) . The trans-cis geometry of the thiourea group is stabilized by three intramolecular N-HÁ Á ÁO hydrogen bonds involving carbonyl and methoxy O atoms with the H atom of the cis-thioamide group and between furan O atom and the other thioamide H atom. There is also a weak intramolecular C-HÁ Á ÁS interaction in each molecule.
Related literature
For background to anion receptors, see: Doyle & Jacobsen (2007) ; Gale et al. (2008) ; Svetlana (2007) . For aroyl thioureas as ionophores, see: Wilson et al. (2010) ; Pé rez et al. (2008) and as catalysts, see: Yang et al. (2004) ; Dai et al. (2004) . For related structures, see: Koch (2001); Pé rez et al. (2008) ; Singh et al. (2012a,b,c) . For standard bond lengths, see: Allen et al. (1987) . For hydrogen-bond motifs, see: Bernstein et al. (1995) .
Experimental
Crystal data C 13 H 11 N 3 O 5 S M r = 321.31 Triclinic, P1 a = 7.9474 (6) Å b = 13.0122 (10) Å c = 13.4215 (11) Å = 87.734 (6) = 77.014 (7) = 86.945 (7) V = 1350.00 (18) Å 3 Z = 4 Cu K radiation = 2.43 mm À1 T = 123 K 0.69 Â 0.21 Â 0.04 mm
Data collection
Agilent Xcalibur (Ruby, Gemini) diffractometer Absorption correction: analytical [CrysAlis PRO (Agilent, 2012) , based on expressions derived by Clark & Reid (1995) ] T min = 0.441, T max = 0.909 9239 measured reflections 5400 independent reflections 4064 reflections with I > 2(I) R int = 0.042 Refinement R[F 2 > 2(F 2 )] = 0.046 wR(F 2 ) = 0.134 S = 1.03 5400 reflections 399 parameters H-atom parameters constrained Á max = 0.36 e Å À3 Á min = À0.34 e Å À3 Table 1 Hydrogen-bond geometry (Å , ). 
Comment
There is a growing interest in the synthesis of new substituted thiourea derivatives owing to their diverse applicability in the pharmaceutical industry, material science and analytical chemistry. The hydrogen-bonding ability of the thiourea moiety has extensively been used in construction of anion receptors (Doyle & Jacobsen, 2007; Gale et al., 2008; Svetlana 2007) . Further, aroyl thioureas have been successfully used in environmental control, as ionophores in ion-selective electrodes (Wilson et al.,2010; Pérez et al., 2008) . Recently, these compounds have been employed successfully as catalysts in the palladium-catalyzed Suzuki and Heck reactions Dai et al., 2004) . In view of the above and in continuation of our work on thiourea derivatives (Singh et al., 2012a,b,c) , the crystal structure of 1-(2furoyl)-3-(2-methoxy-4-nitrophenyl)thiourea has been determined ( Fig.1) .
The asymmetric unit of the structure contains two molecules, which are linked by a pair of intermolecular N-H···S hydrogen bonds forming an R 2 2 (8) motif. The main bond lengths are within the ranges obtained for similar compounds (Koch 2001; Pérez et al., 2008 , Singh et al. 2012c . The C6A-S1A [1.667 (2) Å], C6B-S1B [1.665 (2) Å] and C5A- (Allen et al., 1987) . These results can be explained by the existence of resonance in this part of the molecule. The essentially planar furoyl groups (C1A-C5A/O1A/O2A with maxixum deviation of 0.030 (2)Å for O2A) and (C1B-C5B/O1B/O2B with maximum deviation of 0.057 (2)Å for O2B) groups are inclined at angles of 3.02 (12)° and 14.00 (10)° with respect to the plane formed by the thiourea group (N1/N3/C6/S1), whereas the benzene (C7A-C12A and C7B-C12B) rings are inclined at angles of 2.43 (13)° and 8.03 (12)° with the thiourea plane, respectively. The dihedral angles in two independent molecules between the furoyl groups and benzene rings are 3.97 (10)° and 5.98 (9)°, respectively. The trans-cis geometry in the thiourea moiety is stabilized by three intramolecular N-H···O hydrogen bonds involving carbonyl (O2A/O2B) and methoxy (O3A/O3B) O atoms with the H atom of the cis-thioamide group and between furan (O1A/O1B) O atom and the other thioamide H atom (Table 1 ). In addition, an intramolecular C-H···S interaction is also observed in each molecule (Table 1) .
Experimental
A solution of 2-furoyl chloride (0.01 mol) in anhydrous acetone (80 ml) was added drop wise to a suspension of ammonium thiocyanate (0.01 mol) in anhydrous acetone (50 ml) and the reaction mixture was heated to reflux for 50 minutes. After cooling to room temperature, a solution of 2-methoxy-4-nitroaniline (0.01 mol) in dry acetone (25 ml) was added slowly and the resulting mixture refluxed for 2 h. The reaction mixture was poured into five times its volume of cold water, upon which the thiourea precipitated. The resulting solid product was crystallized from dimethyl sulphoxide yielding light yellow X-ray quality single crystals. Yield: 82%; M.P.: 451-453 K. Anal. Calc. for C 13 H 11 N 3 O 5 S (%): C, supplementary materials sup-2 Acta Cryst. (2013). E69, o330-o331 48.59; H, 3.45; N, 13.07. Found: C, 48.40; H, 3.48; N, 12.96 .
Refinement
All H atoms were placed in calculated positions and refined using a riding-model approximation with C-H = 0.95-0.98 Å, N-H = 0.88 Å and U iso (H) = 1.2 U eq (C,N) or 1.5 U eq (C methyl ).
Computing details
Data collection: CrysAlis PRO (Agilent, 2012) ; cell refinement: CrysAlis PRO (Agilent, 2012) ; data reduction: CrysAlis PRO (Agilent, 2012) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: SHELXTL (Sheldrick, 2008) ; software used to prepare material for publication: SHELXTL (Sheldrick, 2008) .
Figure 1
Molecular structure of the title compound showing 30% probability displacement ellipsoids. Dashed lines indicate an intramolecular N-H···O and intermolecular N-H···S hydrogen bonds. (Agilent, 2012) , based on expressions derived by Clark & Reid (1995) ]
1-(2-Furoyl)-3-(2-methoxy-4-nitrophenyl)thiourea
T min = 0.441, T max = 0.909 9239 measured reflections 5400 independent reflections 4064 reflections with I > 2σ(I) Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq S1A 0.36097 (8) (7) 0.0361 (8) −0.0058 (6) −0.0108 (7) −0.0012 (6) O2A 0.0453 (9) 0.0306 (8) 0.0303 (8) −0.0094 (7) −0.0080 (7) −0.0025 (6) O3A 0.0459 (9) 0.0298 (8) 0.0283 (8) −0.0098 (6) −0.0120 (7) −0.0016 (6) O4A 0.0576 (11) 0.0345 (9) 0.0336 (9) −0.0177 (7) −0.0058 (8) 0.0015 (7) O5A 0.0594 (11) 0.0308 (8) 0.0373 (9) −0.0141 (7) −0.0190 (8) −0.0030 (7) O1B 0.0398 (8) 0.0245 (7) 0.0338 (8) −0.0050 (6) −0.0089 (7) −0.0034 (6) O2B 0.0456 (9) 0.0313 (8) 0.0304 (8) −0.0090 (7) −0.0064 (7) −0.0042 (6) O3B 0.0462 (9) 0.0331 (8) 0.0259 (8) −0.0107 (7) −0.0078 (7) −0.0036 (6) O4B 0.0550 (10) 0.0313 (8) 0.0334 (8) −0.0120 (7) −0.0142 (8) −0.0050 (6) O5B 0.0488 (10) 0.0351 (9) 0.0348 (9) −0.0139 (7) −0.0054 (7) −0.0014 (7) N1A 0.0375 (10) 0.0244 (8) 0.0278 (9) −0.0058 (7) −0.0070 (7) −0.0010 (7) N2A 0.0377 (9) 0.0239 (8) 0.0247 (8) −0.0047 (7) −0.0085 (7) −0.0045 (6) N3A 0.0342 (9) 0.0237 (8) 0.0337 (10) −0.0043 (7) −0.0073 (8) −0.0035 (7) N1B 0.0373 (9) 0.0221 (8) 0.0301 (9) −0.0049 (7) −0.0060 (7) −0.0026 (7) N2B 0.0364 (9) 0.0235 (8) 0.0272 (8) −0.0034 (7) −0.0092 (7) −0.0048 (7) N3B 0.0345 (9) 0.0266 (9) 0.0330 (9) −0.0040 (7) −0.0106 (8) −0.0018 (7) 0.0298 (10) 0.0213 (9) 0.0319 (11) −0.0033 (7 
